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QUESTION 1
(a) Consider the Hamilton operator
Kˆ = i~ω

0 0 1 0
0 0 0 −1
−1 0 0 0
0 1 0 0

where ~ and ω (frequency) are constants. Is Kˆ hermitian? Calculate
exp(−iKˆt/~).
Is exp(−iKˆt/~) unitary? (4)
(b) Consider the initial state
|ψ(t = 0)〉 = 1
2

1
1
1
1
 .
Is the state |ψ(t = 0)〉 entangled? Find the state
|ψ(t)〉 = exp(−iKˆt/~)|ψ(t = 0)〉
and thus solve the Schro¨dinger equation. (4)
(c) Find the probability
|〈ψ(0)|ψ(t)〉|2.
(2)
(10)
QUESTION 2
Consider the normalized state in the Hilbert space C2
|ψ〉 = 1√
2
(
1
−1
)
and the density matrix ρ(0) = |ψ〉〈ψ|. Given the Hamilton operator
Hˆ = ~ωσ2,
solve the von Neumann equation for the given ρ(0) and Hˆ. The von Neumann equation is given by
i~
dρ
dt
= [Hˆ, ρ](t)
with the solution
ρ(t) = e−iHˆt/~ρ(0)eiHˆt/~.
Discuss. (10)
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QUESTION 3
(a) Consider the 4× 4 permutation matrix
P =

0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0
 .
Find P 2, P 3, P 4. Do the matrices P , P 2, P 3, P 4 form a group under matrix multiplication? Prove or
disprove. (5)
(b) Find the eigenvalues and normalized eigenvectors of P , P 2, P 3, P 4. Do all the eigenvalues of P , P 2, P 3,
P 4 form a group under multiplication? Prove or disprove. (5)
(10)
QUESTION 4
Consider the vector in the Hilbert space C6
v =

i
−i
0
0
i
−i
 .
(a) Can the vector v be written as
v =
 a1a2
a3
⊗ ( b1
b2
)
?
(4)
(b) Can the vector v be written as
v =
(
c1
c2
)
⊗
 d1d2
d3
 ?
(4)
(c) Normalize the vector v and then find the corresponding density matrix. (2)
(10)
END OF QUESTION PAPER
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